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Furomollugin was synthesized in three steps from commercially available starting materials using phthalide annulation chemistry. 
 




The furonaphthalene subunit is contained in a variety of natural 
product families.  Specific natural products are shown in Figure 1 
and include furomollugin (1), mollugin (2), and rubilactone (3) [1-
3].  Compounds 1 and 2 strongly suppressed the secretion of 
hepatitis B surface antigen, both with IC50 = 2.0 µg/mL, in human 
hepatoma Hep3B cells while having little effect on the viability of 
the cells [4].  Compound 2 is thought to be a JAK2 inhibitor and 
inhibits LPS-induced inflammatory responses by blocking the 
activation of the JAK-STAT pathway [5].  Xia and Lee have 
reported a direct synthesis of furomollugin using a ceric ammonium 
nitrate mediated reaction of a naphthoquinone and ethyl vinyl ether 
[6].  Schildknecht and Straub synthesized 1 from a naphthoic acid 
and hydroxy acetaldehyde [7].  De Kimpe and coworkers reported 
an innovative ring contraction sequence that converted the mollugin 
skeleton to an isopropenyl-substituted furomollugin [8].  A number 
of research groups have synthesized 2, including a very direct 
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Figure 1: Furomollugen (1), Mollugin (2), and Rubilactone (3). 
 
Our strategy for the synthesis of 1 involved the phthalide annulation 
(Hauser-Kraus reaction) that we and others developed for the 
synthesis of quinones [10-11].  The retrosynthetic analysis is 
depicted below in Scheme 1.  In principle, it offers a pathway to 
compounds 1 – 3 depending on the structure of R in ester 5.  We 
had reported that phthalide 4 underwent efficient addition to a range 




Scheme 1: Retrosynthetic analysis 
 
The reaction of phthalide 4 with methyl crotonate afforded adduct 6 
in 61% yield, as shown in Scheme 2.  We envisioned that 6 might 
serve as a common intermediate for the synthesis of 1 – 3.  
However, the deprotonation of 6 or its dibenzyl ether or bis-MOM  
 
 
Scheme 2: Synthesis of adduct 6. 
 
ether with excess base (LDA, LiTMP) returned recovered starting 
material when treated with ethyl formate or DMF. 
 
While the rationale for our inability to acylate 6 or its ethers is     
not clear, we can readily make 1 from known acetal ester 7 [13], 
easily prepared from ethyl 3,3-diethoxypropionate (Scheme 3). 
Deprotonation of 4, followed by the addition of 7 and subsequent 
workup with 4M HCl afforded 1 plus dihydrofuran 8, which could 




Scheme 3: Synthesis of 1 and 8. 
 
A direct synthesis of 1 was achieved using phthalide annulation 
chemistry.  This efficient route will enable the broad evaluation of 




Furomollugin (1): To a stirred solution of tert-butanol (0.30 g,     
4.1 mmol) in THF (5 mL) at 0°C under argon atmosphere was 
added n-butyllithium (1.64 mL, 4.1 mmol) and the mixture was 
allowed to stir at 0°C for 30 min to obtain lithium tert-butoxide 
solution. At     -78°C, 2 mL THF solution of phthalide 4 (0.33 g, 
1.36 mmol) was added slowly into the prepared lithium tert-
butoxide solution. The mixture was stirred for another 30 min at -
78°C, after which the acetal ester 7 (0.41 g, 2.0 mmol) was injected 
into the reaction mixture at -78°C. The resulting mixture was stirred 
at -78°C for 1 h and then allowed to warm to room temperature 
overnight. The reaction was quenched with 4M HCl solution, 
followed by extraction with ethyl acetate. The organic layer was 
dried over MgSO4 and evaporated to give crude product, which was 
purified by chromatography on silica gel to give 8 in 42% yield and 
1 in 6% yield. The 8 was converted to 1 by refluxing in toluene with 
PTSA in 93% yield.   
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1H NMR (400 MHz, CDCl3) δ: 12.27 (1H, s), 8.47 (1H, d, J = 8.4 
Hz), 8.20 (1H, d, J = 8.3 Hz), 7.82 – 7.67 (2H, m), 7.60 – 7.48 (1H, 
m), 7.19 (1H, d, J = 2.2 Hz), 4.08 (3H, s).  
13C NMR (101 MHz, CDCl3) δ: 172.0, 159.0, 144.4, 144.3, 130.1, 
125.1, 124.9, 124.9, 122.9, 119.8, 119.7, 109.3, 99.2, 52.3. 
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